SYNOPSIS During a large epidemic of diphtheria, the technique of immunofluorescence was applied to specimens obtained from 310 patients, 77 of whom were diagnosed clinically as having the disease. The technique made use of commerical fluorescent antisera prepared against the somatic antigens of Corynebacterium diphtheriae. The results obtained by immunofluorescence of slides prepared directly from swabs were found to be unsatisfactory but when the swabs were subjected to prior incubation in a growth medium the results of immunofluorescence and bacterial culture agreed in 95 % of specimens. Immunofluorescence applied to bacterial colonies obtained on primary isolation agreed completely with definitive bacterial identification. These two methods for the rapid identification of C. diphtheriae appeared to be as reliable as formal cultural and biochemical methods and could be usefully and economically applied to the examination of large numbers of clinical specimens during an epidemic.
Methods for the rapid identification of Corynebacterium diphtheriae by immunofluorescence have been available for some time; these methods have employed fluorescent antisera which react either with diphtheria toxin or with somatic antigens of the bacilli. Previous studies of these methods have made use of specially prepared antisera. Commercial fluorescent antisera are now available which have been prepared against somatic diphtherial antigens, but there have been few opportunities to evaluate these antisera during epidemics of the disease when they would seem to be most useful. During 1970 an epidemic of diphtheria occurred in San Antonio, Texas, in which 133 cases of the disease were confirmed by isolation of toxinogenic C. diphtheriae. During this outbreak the opportunity was taken to evaluate the technique of immunofluorescence of C. diphtheriae with commercial fluorescent antiserum by its comparison with standard bacteriological methods.
Materials and Methods
Duplicate slides were prepared for immunofluorescence in three ways: (1) directly from throat swabs; (2) from throat swabs which were first subjected to Received for publication 26 November 1970. incubation for three to four hours in growth medium; (3) from bacterial colonies which, after overnight incubation on solid media had morphological features suggestive of C. diphtheriae.
The first two procedures were intended to provide rapid bacteriological identification to assist prompt clinical diagnosis; the third was aimed at more rapid definitive bacterial idenitification which is necessary both for clinical management of patients and initiation of public health measures.
Throat swabs were received from four groups of patients: (1) patients with a clinical diagnosis of diphtheria; (2) closecontacts ofcases of bacteriologically confirmed diphtheria; (3) patients with confirmed diphtheria after completion of treatment; (4) patients with pharyngitis who presented during the epidemic and in whom diphtheria had to be excluded bacteriologically.
BACTERIOLOGICAL METHODS
Duplicate swabs were placed in tubes containing 10 ml of a modified Stuart's transport medium (Cary and Blair, 1964 Seventy-two bacterial colonies which morphologically resembled C. diphtheriae on solid media were subjected to immunofluorescent, biochemical, and toxinogenic tests. There was 100 % agreement between the results of definitive bacterial identification and immunofluorescence; 66 colonies were positive and six negative by both methods.
Discussion
Two methods of immunofluorescence have been applied to the rapid diagnosis of infections due to C. diphtheriae. The first of these makes use of a fluorescent antibody prepared against diphtheria toxin (Jones and Moody, 1960; Whitaker, Nelson, and Fink, 1961) . This method has the theoretical advantage of making a distinction between toxinogenic and non-toxinogenic strains of the organism. Whitaker et al (1961) thought that this method was useful and highly specific but Allen and Cluff (1963) found it to be a non-specific procedure because of fluorescence of other bacteria especially diphtheroids. They also noted that toxinogenic and non-toxinogenic strains showed fluorescence. This failure to distinguish between the two strains was probably due to other antibodies to C. diphtheriae present in the antitoxin. The method of Moody and Jones (1963) in which fluorescent antibody is prepared against 0 and K bacterial somatic antigens of C. diphtheriae appears to be a more specific and satisfactory method, although it does not detect nontoxinogenic strains. The commercial antiserum used in this investigation was prepared by this method.
It would be of great value in the clinical management of patients suspected of having diphtheria if rapid and reliable identification of the infecting organism could be obtained by the fluorescent antibody technique on slides prepared directly from throat swabs. However, since 82 % of specimens from patients with clinical diphtheria showed negative fluorescence by this method but positive bacterial culture, the technique appears to be of no value. Ghag and Sant (1966) applied specially prepared fluorescent antiserum to slides prepared directly from throat swabs and found 33 instances (74%) of negative fluorescence out of 41 specimens which were positive for C. diphtheriae by culture.
The results of immunofluorescence and bacterial culture showed 95 1 % agreement in the 310 specimens examined (Table II) . Although the measure of agreement was less (84-4%) in group 1 alone this may simply reflect a sampling error in obtaining duplicate swabs or the length of time the swabs were incubated before applying the fluorescent antibody technique. Ghag and Sant (1966) , who studied endemic diphtheria in Bombay, India, and reported a 92 % correlation between immunofluorescence after four hours' incubation and bacterial culture, also found that by increasing the incubation time of the swabs to 12-18 hours there was 100% agreement between the two methods. However, this prolonged incubation time detracts from the value of the method as a rapid diagnostic technique. The occurrence of a number of instances in which positive results were obtained by one method only suggests that both culture methods and immunofluorescence might by used simultaneously to advantage in the laboratory diagnosis of diphtheria.
During an epidemic of diphtheria large numbers of patients who belong to groups 2 and 4 (Table II) may have to be screened for infection by C. diphtheriae and appropriate public health measures taken on the basis of laboratory findings. In this situation the use of immunofluorescence seems to offer a rapid reliable and economic method of examining swabs from such patients. Results with fluorescent antibody which correlate in more than 90% of specimens with bacterial culture could be expected; this correlation could be even further improved by prolonging the incubation time of the swabs beyond four bours, which in this group of patients would not be a serious disadvantage.
The recognition of C. diphtheriae by fluorescence microscopy from morphology and arrangement of the bacilli presented little difficulty. There was no relationship between the degree of fluorescence and the strain of C. diphtheriae although examples of gravis, intermedius, and mitis strains were included in the bacterial isolates obtained throughout the epidemic. No fluorescence was observed in any organisms that could be confused with C. diphtheriae.
Diphtheroid organisms were frequently found on culture of specimens which were negative by immunofluorescence and no diphtheroids were noted on culture of those five specimens which were positive by fluorescence alone. This suggests that diphtheroids did not fluoresce with the antisera used. Fluorescence of other micro-organisms was a fairly common, but minor problem; streptococci and Candida albicans often fluoresced brightly despite absorption of the antisera but these organisms were readily distinguished by their size and typical morphology.
Immunofluorescence applied to identification of bacterial colonies showed complete agreement with the results of biochemical methods. This method would appear to be as reliable as and more rapid and economical than fermentation and other biochemical reactions for diagnosis of bacterial species, although inapplicable to the recognition of toxinogenic strains.
